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(54) PHOTOELECTRIC SENSOR

(67)  Aphotoelectric sensor includes a lens mounted
to a light projecting element at a position that opposes a
light projecting lens and configured such that the curva-
ture in the direction perpendicular to a straight line pass-
ing through the center of the light projecting lens and the

F

center of the light receiving lens is greater than the cur-
vature in the direction parallel to the straight line passing
through the center of the light projecting lens and the
center of the light receiving lens.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a distance-set-
table photoelectric sensor that is based on the principle
of triangulation and in which an optical system is consti-
tuted by mounting a condenser lens to a light projecting
element.

2. Description of the Related Art

[0002] Conventionally, distance-settable photoelectric
sensors that are based on the principle of triangulation
are known.

[0003] First, the principle of triangulation, which is em-
ployed in a typical distance-settable photoelectric sen-
sor, and the mechanism for using projected light effec-
tively by mounting a condenser lens to a distance-setta-
ble photoelectric sensor will be described with reference
to Figs. 1A and 1B.

[0004] As illustrated in Fig. 1B, in a distance-settable
photoelectric sensor, for example, light emitted by a light
projecting element 101, such as a light projecting LED,
that serves as a light emitting source is projected onto a
detection region by a light projecting lens 102 to irradiate
the surface of an object 20. Then, (a portion of) the light
reflected and diffused by the surface of the object 20 is
condensed by a light receiving lens 103 and received by
a light receiving element 104.

[0005] The lightreceiving element 104 is, for example,
a light receiving element, such as a multi-segment pho-
todiode, and receives the light reflected and diffused by
the surface of the object 20 at a position corresponding
to the distance in each of the cases in which the object
20 is at a distance A of a relatively small distance and in
which the object 20 is at a distance B of a relatively large
distance, as illustrated in Fig. 1B. In other words, the light
receiving position on the light receiving element 104
changes in accordance with the distance to the object 20.
[0006] Therefore, the distance to the object 20 can be
measured by detecting the light receiving position on the
light receiving element 104.

[0007] Meanwhile, with regard to photoelectric sen-
sors, conventionally, a technique in which a spherical
condenser lens is mounted to a light emitting element or
a light receiving element to constitute an optical system
is disclosed (e.g., Japanese Unexamined Patent Appli-
cation Publication No. 4-13989).

[0008] Affixing the condenser lens makes it possible
to increase the quantity of light by condensing the pro-
jected light. Thus, this technique is employed in a dis-
tance-settable photoelectric sensor illustrated in Fig. 1A,
and a spherical condenser lens 105 is mounted to the
light projecting element 101 illustrated in Fig. 1B so as
to effectively use the light from the light projecting ele-

10

15

20

25

30

35

40

45

50

55

ment 101.

[0009] Fig. 2 is an illustration for describing the effect
of the condenser lens.

[0010] Asiillustrated in Fig. 2, mounting the condenser
lens 105 to the light projecting element 101 makes it pos-
sible to effectively use the projected light, and the light
projection power greatly improves.

[0011] Fig. 3Aillustrates a change in the light receiving
range on the light receiving element 104 in a case in
which the spherical condenser lens 105 is mounted to
the light projecting element 101 in a photoelectric sensor
such as the one illustrated in Figs. 1 A and 1 B, for ex-
ample. A portion indicated by a in Fig. 3A is the light
receiving range on the light receiving element 104 in the
case in which the object 20 is at the distance A, and a
portion indicated by b is the light receiving range on the
lightreceiving element 104 in the case in which the object
20 is at the distance B. In addition, a portion indicated by
cin Fig. 3A is a portion in which the light receiving range
a and the light receiving range b overlap.

[0012] When the spherical condenser lens 105 is
mounted to the light projecting element 101, the light re-
ceiving range increases, as illustrated in Fig. 3A.
[0013] In other words, when the spherical condenser
lens 105 is mounted to the light projecting element 101,
the width of the light receiving distribution on the light
receiving element 104 increases both in the X-direction
and in the Y-direction, or in other words, increases both
in the lateral direction and in the longitudinal direction
along the surface that receives the light that has passed
through the light receiving lens 103.

[0014] In contrast, Fig. 3B illustrates a change in the
light receiving range on a light receiving element in a
case in which the condenser lens 105 as illustrated in
Fig. 1A is not mounted to a light emitting element and a
lightreceiving element in a typical distance-settable pho-
toelectric sensor, or in other words, illustrates a change
in the light receiving range on the light receiving element
illustrated in Fig. 1B.

[0015] As compared to the light receiving range illus-
trated in Fig. 3A, the light receiving range on the light
receiving element is smaller in Fig. 3B than in Fig. 3A
(refer to a’ and b’ in Fig. 3B).

[0016] However, if the light receiving width in the Y-
direction increases as the condenser lens 105 is mount-
ed, there is a problem in that, when the change in the
position of the object 20 is small, for example, this change
in the position of the object 20 may not be detected with
accuracy.

[0017] Specifically, when the position of the object 20
changes from the distance B to the distance A, the light
receiving range on the light receiving element 104 also
changes from b to a, as illustrated in Fig. 3A. However,
since b and a overlap in the range indicated by c in Fig.
3A, the amount of change in the light receiving signal on
the light receiving element 104 is small, which makes it
hard to determine that the distance to the object 20 has
changed.
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SUMMARY OF THE INVENTION

[0018] The presentinvention has been made to solve
the above-described problem and is directed to providing
a photoelectric sensor with improved performance in
which the sensitivity to a change in the position of an
objectis enhanced by increasing the quantity of light from
a light projecting element and by preventing the spot size
oflightreceived by a lightreceiving elementfromincreas-
ing.

[0019] A photoelectric sensor according to an aspect
of the present invention includes a light projecting ele-
ment configured to project light onto an object through a
light projecting lens and a light receiving element config-
ured to receive the light reflected and diffused by the
object through a light receiving lens, and is configured to
measure or determine a distance to the object on the
basis of a light receiving position on the light receiving
element. The photoelectric sensorincludes alens mount-
ed to the light projecting element at a position that op-
poses the light projecting lens and configured such that
a curvature in a direction perpendicular to a straight line
passing through a center of the light projecting lens and
a center of the light receiving lens is greater than a cur-
vature in a direction parallel to the straight line passing
through the center of the light projecting lens and the
center of the light receiving lens.

[0020] According to the present invention, a photoe-
lectric sensor with improved performance can be provid-
ed by increasing the quantity of light from the light pro-
jecting element and by preventing the spot size of the
light received by the light receiving element from increas-

ing.
BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Figs. 1A and 1B areillustrations for describing a dis-
tance-settable photoelectric sensor, in which Fig. 1B
is an illustration for describing the principle of trian-
gulation employed in a typical distance-settable pho-
toelectric sensor, and Fig. 1A is an illustration for
describing a case in which a condenser lens is
mounted to a distance-settable photoelectric sensor;
Fig. 2 is an illustration for describing the effect of the
condenser lens;

Figs. 3A and 3B illustrate a change in the light re-
ceiving position on a light receiving elementin a case
in which a spherical condenser lens is mounted to a
light projecting element in a photoelectric sensor
such as the one illustrated in Figs. 1A and 1 B;

Fig. 4 is a sectional view of a photoelectric sensor
according to a first embodiment of the presentinven-
tion;

Fig. 5 is an illustration for describing the principle of
triangulation employed in the photoelectric sensor
according to the first embodiment of the present in-
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vention;

Figs. 6A through 6C are illustrations for describing
a lens having a typical biconic shape; and

Fig. 7 illustrates a change in the light receiving po-
sition on a light receiving element of the photoelectric
sensor according to the first embodiment in which a
condenser lens having a biconic shape is affixed to
a light projecting element.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to the
drawings.

First Embodiment

[0023] Fig. 4 is a sectional view of a photoelectric sen-
sor 100 according to a first embodiment of the present
invention.

[0024] As illustrated in Fig. 4, in the photoelectric sen-
sor 100, a light projecting element 11 and a light receiving
element 14 are mounted to a printed board 16 provided
on a back surface of a holder 200 of the photoelectric
sensor 100.

[0025] In addition, in the photoelectric sensor 100, a
lens body 17 in which a light projecting lens 12 and a
light receiving lens 13 are integrally formed is mounted
to a lens mounting portion 170 provided in a front surface
portion of the holder 200 of the photoelectric sensor 100.
[0026] The photoelectric sensor 100 according to the
first embodiment is a photoelectric sensor 100 that is
based on the principle of triangulation, as in the conven-
tional distance-settable photoelectric sensor described
with reference to Figs. 1A and 1B, and measures the
distance to an object 20 in accordance with the principle
of triangulation (this will be described in detail later).
[0027] The lightprojecting element 11 projects lighton-
to an object through the light projecting lens 12. The light
projecting element 11 is constituted, for example, by a
light emitting diode (LED).

[0028] The light projecting lens 12 projects the light
emitted by the light projecting element 11 onto a detection
region.

[0029] The light receiving lens 13 condenses the light

that has been projected by a light source, or in other
words, by the light projecting element 11 and reflected
and diffused by the surface of the object 20.

[0030] The lightreceiving element 14 receives the light
condensed by the light receiving lens 13 through the light
receiving lens 13. The light receiving element 14 is con-
stituted, for example, by a multi-segment photodiode.
[0031] A distance calculation unit (omitted in the draw-
ings) of the photoelectric sensor 100 calculates the dis-
tance to the object 20 on the basis of the light receiving
range of the light received by the light receiving element
14.

[0032] Inthe photoelectric sensor 100 according to the
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first embodiment, a condenser lens 15 having a biconic
shape is mounted to the front of the light projecting ele-
ment 11, or in other words, at a position that opposes the
light projecting lens 12. The condenser lens 15 having a
biconic shape condenses the light projected by the light
projecting element 11 in a similar manner to the spherical
condenser lens 105.

[0033] Although the condenser lens 15 is mounted to
the light projecting element 11 by being affixed thereto
in the first embodiment, this is not a limiting example.
The condenser lens 15 may, for example, be mounted
to the light projecting element 11 with the use of a mount-
ing device, and it suffices that the condenser lens 15 be
provided on the front of the light projecting element 11,
or in other words, at a position on the light projecting
element 11 that opposes the light projecting lens 12.
[0034] Fig. 5is anillustration for describing the princi-
ple of triangulation employed in the photoelectric sensor
100 according to the first embodiment of the present in-
vention. The photoelectric sensor 100 measures the dis-
tance to the object 20 in accordance with the stated prin-
ciple.

[0035] As illustrated in Fig. 5, the light emitted by the
light projecting element 11, which serves as a light emit-
ting source, is projected onto a detection region by the
light projecting lens 12 to irradiate the surface of the ob-
ject 20. Then, a portion of the light reflected and diffused
by the surface of the object 20 is condensed by the light
receiving lens 13, passes through the light receiving lens
13, and is received by the light receiving element 14.
[0036] The light receiving element 14, for example, is
a light receiving element, such as a multi-segment pho-
todiode, and receives the light reflected and diffused by
the surface of the object 20 at a position corresponding
to the distance in each of the cases in which the object
20 is at the distance A of a relatively small distance and
in which the object 20 is at the distance B of a relatively
large distance, as illustrated in Fig. 5. In other words, the
light receiving position changes in accordance with the
distance to the object 20.

[0037] Therefore, the distance to the object 20 can be
measured by detecting the light receiving position on the
light receiving element 14.

[0038] The photoelectric sensor according to the
present invention may be an apparatus that measures
the distance to the object 20 in accordance with the
above-described method and provides the value of the
stated distance to a user or may be an apparatus that
determines whether the value of the stated distance falls
within a certain range set in advance and provides the
determination result to a user.

[0039] Now, the condenser lens 15 having a biconic
shape provided on the light projecting element 11 will be
described in detail.

[0040] Figs.6Athrough6C areillustrations for describ-
ing a lens having a typical biconic shape.

[0041] A biconic shape is a shape that has mutually
different curvatures in the orthogonal directions of a lens,
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or in other words, in the X-direction and in the Y-direction
in a state in which the convex surface of the lens faces
upward (refer to Fig. 6A).

[0042] Here, as illustrated in Figs. 6A through 6C, the
condenser lens 15 is formed such that its curvature in
the X-direction is greater than its curvature in the Y-di-
rection (refer to Figs. 6B and 6C).

[0043] In the first embodiment, a lens having a biconic
shape such as the one illustrated in Figs. 6A through 6C
serves as the condenser lens 15, and the condenser lens
15 is affixed and mounted to the light projecting element
11 in such a manner that the direction perpendicular to
a straight line passing through the center of the light pro-
jecting lens 12 and the center of the light receiving lens
13 corresponds to the X-direction and the direction par-
allel to the straight line passing through the center of the
light projecting lens 12 and the center of the light receiving
lens 13 corresponds to the Y-direction.

[0044] In other words, the condenser lens 15 is affixed
to the light projecting element 11 in such a manner that
the curvature of the condenser lens 15 in the direction
perpendicular to the straight line passing through the
center of the light projecting lens 12 and the center of the
light receiving lens 13 is greater than the curvature of the
condenser lens 15 in the direction parallel to the straight
line passing through the center of the light projecting lens
12 and the center of the light receiving lens 13 along the
surface that opposes the light projecting lens 12.
[0045] The aforementioned directions do not neces-
sarily have to be perpendicular herein and may be sub-
stantially perpendicular. In addition, the aforementioned
directions do not necessarily have to be parallel herein
and may be substantially parallel.

[0046] Fig. 7 illustrates a change in the light receiving
range on the light receiving element 14 of the photoelec-
tricsensor 100 according to the firstembodimentin which
the condenser lens 15 having a biconic shape is affixed
to the light projecting element 11. A portion indicated by
ain Fig. 7 isthe light receiving range on the light receiving
element 14 in the case in which the object 20 is at the
distance A, and a portion indicated by b is the light re-
ceiving range on the light receiving element 14 in the
case in which the object 20 is at the distance B.

[0047] Since the condenser lens 15 is constituted by
alens having a biconic shape, as illustrated in Fig. 7, the
width of the light receiving range in the Y-direction, or in
other words, in the longitudinal direction along the sur-
face that receives the light that has passed through the
light receiving lens 13 is smaller than the width of the
light receiving range in the X-direction, or in other words,
in the lateral direction along the surface that receives the
light that has passed through the light receiving lens 13,
and, for example, even in a case in which the position of
the object 20 has changed from the distance B to the
distance A (refer to Fig. 5), an overlapping portion at the
light receiving position is eliminated. Thus, the amount
of change in the light receiving signal on the surface of
the light receiving element 14 increases as compared to
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the case illustrated in Fig. 3A. Specifically, the change in
the position of the object 20 from the distance B to the
distance A can be detected with accuracy.

[0048] In this manner, affixing the condenser lens 15
having a biconic shape to the light projecting element 11
makes it possible to increase the quantity of light from
the light projecting element 11 and to make the light re-
ceiving width on the light receiving element 14 in the lon-
gitudinal direction smaller than the light receiving width
in the lateral direction, and thus the sensitivity to the
change in the position can be increased.

[0049] Although the condenser lens 15 has a biconic
shape in the first embodiment, this is not a limiting ex-
ample. For example, a cylindrical lens may be mounted
to the light projecting element 11, and it suffices that a
lens to be mounted to the light projecting element 11 be
formed such thatits curvature in the X-direction is greater
than its curvature in the Y-direction. In other words, it
suffices that the curvature in the direction perpendicular
to the straight line passing through the center of the light
projecting lens 12 and the center of the light receiving
lens 13 be greater than the curvature in the direction par-
allel to the straight line passing through the center of the
light projectinglens 12 and the center of the light receiving
lens 13 along the surface that opposes the light projecting
lens 12.

[0050] As described thus far, according to the first em-
bodiment, a lens (condenser lens 15) mounted to the
light projecting element 11 at a position that opposes the
light projecting lens 12 and configured such that the cur-
vature in the direction perpendicular to the straight line
passing through the center of the light projecting lens 12
and the center of the light receiving lens 13 is greater
than the curvature in the direction parallel to the straight
line passing through the center of the light projecting lens
12 andthe center of the lightreceivinglens 13 is provided,
and thus the photoelectric sensor 100 with improved per-
formance can be provided by increasing the quantity of
light from the light projecting element 11 and by prevent-
ing the light receiving width on the light receiving element
14 in the longitudinal direction from increasing.

[0051] It is to be noted that modifications of desired
constituent elements of embodiments or omissions of de-
sired constituent elements of embodiments can be made
to the invention ofthe present application within the scope
of the present invention. List of reference signs

11, 101:  light projecting element
12,102: light projecting lens

13, 103:  light receiving lens

14, 104:  light receiving element
15, 105:  condenser lens

17: lens body

20: object

100: photoelectric sensor
170: lens mounting portion
200: holder
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Claims

1. A photoelectric sensor (100), comprising:

a light projecting element (11) configured to
project light onto an object (20) through a light
projecting lens (12);

a light receiving element (14) configured to re-
ceive the light reflected and diffused by the ob-
ject (20) through a light receiving lens (13), the
photoelectric sensor (100) being configured to
measure or determine a distance to the object
(20) on the basis of a light receiving position on
the light receiving element (14); and

a lens (15) mounted to the light projecting ele-
ment (11) at a position that opposes the light
projecting lens (12) and configured such that a
curvature in a direction perpendicular to a
straight line passing through a center of the light
projecting lens (12) and a center of the light re-
ceiving lens (13) is greater than a curvature in
a direction parallel to the straight line passing
through the center of the light projecting lens
(12) and the center of the light receiving lens
(13).

2. The photoelectric sensor (100) according to Claim
1, wherein the lens (15) is a biconic lens.

3. The photoelectric sensor (100) according to Claim
1, wherein the lens (15) is a cylindrical lens.
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